Despite Wolbachia being widespread among terrestrial isopods, studies on this symbiotic relationship are still incipient in the Neotropical region. The aims of the present study were to investigate the presence and prevalence of Wolbachia in natural populations of terrestrial isopod species in South America, and to analyze the diversity and phylogenetic relationships of Wolbachia strains. A total of 1172 individuals representing 11 families and 35 species were analyzed. We observed distinct evolutionary scenarios according to the geographical origins of the species: strains harbored by most of the introduced species belong to the Oniclade in supergroup B and are identical to those found in their original ecozone (i.e. Palearctic). On the other hand, the strains found in native Neotropical terrestrial isopods showed low prevalence, high diversity and none of them belonged to the Oniclade, although most belonged to supergroup B. The dynamics of infection in Neotropical species seems to be the result of several events of loss and acquisition of the bacteria, which refutes the hypothesis of an ancestral acquisition of Wolbachia in Oniscidea. The presence of strains from supergroups A and F was also detected for the first time in terrestrial isopods, revealing a Wolbachia diversity previously unknown for this group of host.
INTRODUCTION
Wolbachia (Alphaproteobacteria, Rickettsiales) is a diverse group of obligatory intracellular and maternally transmitted bacteria (Saridaki and Bourtzis 2010) . These bacteria are known for infecting a variety of arthropods and filarial nematodes and for manipulating the reproduction of their hosts in ways that ensure their own transmission to the next generations (Werren, Baldo and Clark 2008) . The incidence of infection in terrestrial arthropods was recently estimated at nearly 40% (Zug and Hammerstein 2012) , which would make Wolbachia the most abundant endosymbiont on Earth. It reached the status of a worldwide pandemic because Wolbachia strains are capable of being horizontally transmitted quite regularly. More specifically, this conclusion is due to the fact that phylogenies of Wolbachia strains and their arthropod hosts are incongruent (Raychoudhury et al. 2009 ). However, in most Wolbachia-host systems, routes of transmission that model the endosymbiont distribution patterns remain unclear (Gerth, Röthe and Bleidorn 2013) .
A great variety of Wolbachia strains is known and, according to their phylogenetic similarity, they have been assembled into supergroups, with new supergroups being continuously discovered (Augustinos et al. 2011) . Supergroups A and B were the first to be described and include most strains that infect arthropods (Werren, Windsor and Guo 1995) , while supergroups C and D include strains that infect only nematodes (Bandi et al. 1998) . Supergroup F, in turn, is the only one that comprises strains that infect both arthropods and nematodes (Casiraghi et al. 2005) , although supergroup F Wolbachia are generally rare (Ros et al. 2009 ). In order to make it easier to differentiate among Wolbachia strains, a multilocus sequence typing system (MLST) was developed to characterize these strains unequivocally (Baldo et al. 2006a) , which has helped to elucidate the paths and processes through which such diversity has been evolving (Ros et al. 2009) .
Wolbachia is widespread among terrestrial isopods (Crustacea, Oniscidea). The first molecular identification of this bacterium was in 1992, in populations of Armadillidium vulgare and Porcellio dilatatus from France (Rousset et al. 1992) . Since then, Wolbachia infection has been found in some tens of species, especially in Europe (Bouchon, Rigaud and Juchault 1998; Nyirő, Oravecz and Márialigeti 2002; Cordaux et al. 2012) , but also in Africa (Ben Afia Hatira, Charfi Cheikhrouha and Bouchon 2008; Cordaux et al. 2012) and Asia (Wiwatanaratanabutr et al. 2009 ). According to estimates, the incidence of Wolbachia infection in terrestrial isopods species is nearly 61% (Bouchon, Cordaux and Grève 2008) . All Wolbachia strains known so far in terrestrial isopods belong to supergroup B, based on 16S rRNA, ftsZ, groE and wsp gene analysis (Bouchon, Rigaud and Juchault 1998; Cordaux, Michel Salzat and Bouchon 2001; Wiwatanaratanabutr et al. 2009; Cordaux et al. 2012) . Additionally, most strains have great phylogenetic similarity and belong to a group known as Oniclade, which suggests an ancestral Wolbachia acquisition in Oniscidea (Cordaux et al. 2004 (Cordaux et al. , 2012 .
In the Neotropical region, more specifically in South America, studies on the symbiotic relationship between Wolbachia and terrestrial isopods are still incipient Zimmermann et al. 2012) , especially considering the (underestimated) diversity of more than 120 species of terrestrial isopods already described (Magrini, Araujo and Uehara-Prado 2010) . The aims of the present study were as follows: (i) to investigate the presence and prevalence of Wolbachia in natural populations of native and introduced species of terrestrial isopods in South America; (ii) to analyze the diversity of Wolbachia strains infecting these same species, based on the use of gene markers 16S rRNA, dnaA and MLST; and (iii) to examine the phylogenetic relationships between Wolbachia strains found in the study.
MATERIAL AND METHODS

Sample collection and DNA extraction
Twenty six native species and nine introduced species of terrestrial isopods examined in this study (see Schmalfuss 2003 for species distribution), and the sampling sites are listed in Table 1 . Natural populations of isopods were collected during 2009-2012 in Brazil, Argentina and Uruguay (Fig. 1) . The terrestrial isopods were identified based on morphological criteria and stored in 100% ethanol at −20
• C. Dissections were performed as previously described by Bouchon, Rigaud and Juchault (1998) , and total DNA was extracted with Chelex protocol (Bio-Rad) and PureLink Genomic DNA Kit (Invitrogen/K1820-01) for small specimens.
Wolbachia amplification and sequencing
Wolbachia detection was based on the amplification of the 16S rRNA gene with the specific primers 99F and 994R (O'Neill et al. 1992 ). This gene is widely used for detection of Wolbachia and is one of the most efficient for this purpose (Bouchon, Rigaud and Juchault 1998; Marcon et al. 2011; Simões et al. 2011; Almerão et al. 2012) . DNA quality was verified by amplification with the universal primers of the mitochondrial gene Cytochrome Oxidase I (COI) (Folmer et al. 1994) . All the reactions were carried out in volumes of 25 μl, using 1. with initial denaturation at 95
• C for 2 min and final extension at 72
• C for 5min. Polymerase chain reaction (PCR) reactions were electrophoresed on a 1.0% agarose gel. Wolbachia from samples positive for the 16S rRNA gene was subsequently identified according to dnaA gene (primers dnaA2F and dnaA2R, as previously described by Baldo et al. 2006b ) and the MLST scheme (gatB, coxA, hcpA, fbpA and ftsZ, as previously described by Baldo et al. 2006a) . Sequences were obtained using BigDye technology by Macrogen Inc., South Korea.
Genetic divergence and recombination analysis
The genetic divergence of Wolbachia strains (complete MLST allelic profiles) of native and introduced terrestrial isopods and pairwise genetic distance of host mitochondrial COI were calculated with Kimura two parameter (K2P) model in MEGA 6.0 (Tamura et al. 2013) . To test the hypothesis of cospeciation between Wolbachia and terrestrial isopods, we perform a congruence test (de Vienne, Giraud and Martin 2007) . For this purpose, a tanglegram (i.e. trees of hosts and their Wolbachia strains are drawn opposite to each other and corresponding taxa are connected by lines) was built by using MLST allelic profiles and host mitochondrial COI in the program Dendroscope 3 (Huson and Scornavacca 2012) . A congruence index was applied to test topological similarity between the generated trees (de Vienne, Giraud and Martin 2007) . Recombination analyses were conducted on single 16S rRNA, dnaA and MLST loci alignments using the RDP3 package (Martin et al. 2010) . The default settings were used, sequences were considered linear and the highest acceptable P value cutoff was 0.05. All recombination events detected by the program were visually inspected and only recombination events detected by more than one method were listed.
Phylogenetic analysis
The dnaA, 16S rRNA and MLST sequences obtained in this study were aligned with sequences available in GenBank (http://www.ncbi.nlm.nih.gov) and Wolbachia MLST database (http://pubmlst.org/wolbachia) using ClustalW (Thompson, Higgins and Gibson 1994) , implemented in MEGA version 6.0 (Tamura et al. 2013) . Nucleotide alignments were then manually checked considering secondary structure for the 16S rRNA or the coding sequence for the other genes. The final alignments consisted of 343 bp for dnaA, 702 bp for 16S rRNA, 402 bp for coxA, 369 bp for gatB, 444 for hcpA, 435 bp for ftsZ and 429 bp for fbpA leading to 2079 bp for the concatenated MLST gene sequences. Only the strains with full sequence types (STs) (complete five MLST alleles) were selected to construct the phylogenetic tree for the concatenated data set. For the MLST tree, we also used sequences published by Sicard et al. (2014) . jModeltest version 2.1.3 (Darriba et al. 2012 ) was used to select the model of nucleotide substitution via the Akaike Information Criterion (Akaike 1974) . This approach suggested the following models: TVM + G for coxA, GTR + G for gatB and hcpA, TPM1uf + G for fbpA, TrN + G for ftsZ genes and GTR + I + G for the concatenated data set. For dnaA and 16S rRNA genes, the GTR + I + G model was selected. Each DNA alignment was analyzed independently under both maximum-likelihood (ML) and Bayesian environments. Unrooted phylogenetic trees were constructed using ML method for the two genes (dnaA and 16S rRNA) and concatenated data set of MLST genes. ML trees were constructed using MEGA 6.0 (Tamura et al. 2013 ) with 1000 bootstrap replicates. Bayesian tree reconstructions with posterior probabilities were inferred using MrBayes v3.2 (Ronquist et al. 2012) , using the same model of DNA evolution as for the ML analyses. Four simultaneous Markov chains were run for 1000 000 generations with trees sampled every 10 generations, with 50 000 initial trees discarded as 'burn-in', based on visual inspections. Concatenated alignments were run under Bayesian environments as described above, with the alignments partitioned so that the specific model of evolution corresponded to each gene fragment. Comparison of the topology of the various trees was performed using site likelihood calculation in PAUP 4.0 (Swofford 2002) , followed by Kishino-Hasegawa test (Shimodaira and Hasegawa 1999) using RELL (resampling estimated log-likelihoods) approximations. All dnaA, 16S rRNA and COI gene sequences generated in this study were deposited into GenBank under accession numbers KJ814199-KJ814239. MLST sequences (gatB, coxA, hcpA, fbpA and ftsZ) were deposited into Wolbachia MLST database, with allelic profiles shown in Table 2 .
RESULTS
Wolbachia infection in terrestrial isopods
A total of 1172 individuals representing 35 species (26 native species and 9 introduced species) belonging to 11 families of terrestrial isopods were screened for Wolbachia by PCR assay using Wolbachia-specific 16S rRNA gene primers. The infection status of each species and the number of individuals screened are listed in Table 1 (for the prevalence of infection in each population see Table S1 , Supporting Information). Sixteen species representing nine families were positive for Wolbachia. In 
Genotyping terrestrial isopod Wolbachia strains
16S rRNA Wolbachia gene of all positive samples was sequenced (except for that of No. gracilis, which showed a positive band on agarose gel electrophoresis but did not result in a good sequence). These same samples were also amplified with primers of dnaA and MLST genes (ftsZ, coxA, fbpA, hcpA and gatB). It was not possible to amplify all the samples using all the primers tested, and primers achieved varied efficiency according to the species examined. As for the dnaA gene, it was not possible to obtain sequences for five of the species: B. taeniata, No. gracilis, Pu. obscurus, T. tomentosa and T. argentina. According to the current approach for Wolbachia strain genotyping, it was possible to obtain allelic profiles or ST for nine of the Wolbachia-positive species (ten allelic profiles in total, nine of which were new, based on the available data in the Wolbachia MLST database). Sequence analysis revealed the presence of 11 alleles for hcpA, 10 alleles for gatB, 9 alleles for ftsZ and fbpA, 7 seven alleles for coxA. Sequence analysis also indicated the presence of novel alleles: nine for gatB and hcpA, seven for ftsZ, and six for coxA and fbpA (Table 2) .
Genetic divergence and recombination
Mean genetic divergence of Wolbachia strains found in species of terrestrial isopods native to South America was estimated at 0.082 ± 0.004. With regard to the strains found in introduced species the mean genetic divergence was 0.061 ± 0.003. Interestingly, the comparison of the MLST gene sequences with those previously published by Sicard et al. (2014) showed that in the introduced A. vulgare, the Wolbachia strain 1 (ST 6 in Table 2 ) is identical (all MLST gene sequences are identical) to wVulC, and the strain 2 (ST 411 in Table 2 ) is identical to wVulM, two strains inducing feminization and originally described in French populations (Cordaux et al. 2004 ). In the same way, the Wolbachia found in P. dilatatus is identical (all MLST gene sequences are identical) to wDil, the strain inducing cytoplasmic incompatibility in P. dilatatus, also originating from a French population (Sicard et al. 2014) . Moreover, analysis of the host mitochondrial COI sequence confirms that the Brazilian samples of P. dilatatus belong to the same subspecies P. d. dilatatus as the French one. Values of genetic divergence of Wolbachia strains and pairwise distances of host mitochondrial COI are shown in Table S2 (Supporting Information). Regarding the patterns of cocladogenesis, despite the general concordance between host and symbiont trees (Fig. S1 , Supporting Information), the congruence index was not significant (I cong = 1.25, P = 0.06).
No recombination event was detected in the alignment of 16S rRNA and dnaA genes. Conversely, two recombination events were detected in the alignment of MLST loci, one in the gatB gene and another one in the fbpA gene. In the first case, the recombinant strain was that of C. bezzii 1 (SiScan P < 7.5 × 10 −5 , RDP P < 3.5 × 10 −04 , BootScan P < 3.6 × 10 −4 , 3seq P < 5.6 × 10 −4 , Chimaera P < 5.8 × 10 −3 , GENECONV P < 7.4 × 10 −3 and MaxChi P < 4.9 × 10 −2 ). Its major and minor parents were the Wolbachia strains of Burmoniscus meeusei (94.4%) and Ba. sellowii (100%), respectively. The beginning breakpoint was position 1 in the alignment, and ending breakpoint was position 172 in the alignment. In the second case, the recombinant strain was also that of C. bezzii 1 (MaxChi P < 7.2 × 10 −7 , SiScan P < 7.6 × 10 −7 , 3seq P < 2.6 × 10 −6 , Chimaera P < 2.3 × 10 −5 , BootScan P < 3.1 × 10 −3 and GENECONV P < 9.7 × 10 −3 ). Its minor parent was the strain of Bu. meeusei (98.9%), and its major parent strain was unknown. The beginning breakpoint was undetermined (position 1 in the alignment), and ending breakpoint was position 189 in the alignment. 
Phylogenetic analysis
All phylogenetic reconstructions (ML and Bayesian trees) based on 16S rRNA and dnaA genes (Figs S2 and S3, Supporting Information) , and on the concatenated dataset for all MLST loci (Fig. 2) showed similar topologies; thus, only the ML trees are presented. Phylogenetic analysis revealed that most Wolbachia strains found in terrestrial isopods collected in South America belong to supergroup B, except strains found in the introduced species Bu. meeusei and in the native species N. littoralis. When tested, the topologies showed significant differences (KH tests, P < 0.001) mainly due to the low resolution of the 16S rRNA marker evidenced by the low bootstrap scores of the nodes separating the supergroups A and B. This was particularly true for the strain isolated from C. bezzii 1, which showed incongruences between 16S rRNA and dnaA trees. Moreover, this strain exhibited recombination events in the gatB and fbpA genes precluding any better resolution with the MLST scheme. However, there was congruence for the strains of Bu. meeusei and N. littoralis which belong to supergroups A and F, respectively, with well-supported nodes in dnaA and MLST trees. This was the first time that Wolbachia strains not belonging to supergroup B were observed in terrestrial isopods. The strains found in introduced species of terrestrial isopods (except for that of Bu. meeusei) were very closely related and were grouped together with strains of European species into the Oniclade defined by Cordaux, Michel Salzat and Bouchon (2001) . Conversely, none of the strains found in native species of terrestrial isopods belonged to the Oniclade.
DISCUSSION
Extending our knowledge on Wolbachia infection in terrestrial isopods
So far, Wolbachia infection outside the Neotropical region was known in 37 species of terrestrial isopods (Rousset et al. 1992; Juchault et al. 1994; Bouchon, Rigaud and Juchault 1998; Nyirő, Oravecz and Márialigeti 2002; Ben Afia Hatira, Charfi Cheikhrouha and Bouchon 2008; Wiwatanaratanabutr et al. 2009; Cordaux et al. 2012) . More recently, the presence of these bacteria was reported in five species in Brazil Zimmermann et al. 2012) . With the inclusion of the eight new species reported in the present study, the total number of infected species of terrestrial isopods increases to 50. In addition, unlike Valette et al. (2013) 
bezzii).
Although ∼46% of the species were infected, it was possible to detect the presence of Wolbachia in only 6.9% of individuals analyzed, mostly females. In 11 of the 16 species positive for infection, less than 15% of the individuals tested harbored Wolbachia. Prevalence rates found by other authors are varied, but they are usually higher than those obtained in the present study (Bouchon, Rigaud and Juchault 1998; Nyirő, Oravecz and Márialigeti 2002; Ben Afia Hatira, Charfi Cheikhrouha and Bouchon 2008; Wiwatanaratanabutr et al. 2009 ). The low prevalence of Wolbachia infection in species of terrestrial isopods from the Neotropical region may result from many factors, such as: high temperatures in the tropical and subtropical regions where animals were collected, high physiological costs associated with the lack of coadaptation between Wolbachia and hosts, competition with other symbionts (Clancy and Hoffmann 1998; Fleury et al. 2000; Duron et al. 2008) . Moreover, in the case of individuals/species considered uninfected, either Wolbachia density may not be high enough to be detected using the classical PCR method (e.g. cryptic infection, Arthofer et al. 2009; Wolfgang et al. 2009 ) or these animals were simply not infected. Some hosts are seemingly impervious to Wolbachia infection. The reasons for refractoriness are unknown, but could be related to either bacterial or host factors (Hughes and Rasgon 2014) .
Phylogenetic analysis and genetic divergence
The present study was the first to use the MLST technique to genotype Wolbachia strains found in terrestrial isopods of Neotropical region. Although this technique can classify strains unequivocally, its efficiency was not unanimous. Augustinos et al. (2011) also had difficulty in amplifying MLST alleles in species of aphids. Although all the generated phylogenies were similar, that of the 16S rRNA gene had the lowest support. According to Ros et al. (2009) , the phylogeny of the 16S rRNA gene is less well resolved than the phylogenies of the protein-coding genes. The authors observed evident cases of recombination and lack of support in supergroup A. These observations challenge the common assumption that the 16S rRNA gene is a reliable phylogenetic marker that is recalcitrant to recombination.
We observed that most strains found in both native and introduced species of terrestrial isopods belong to supergroup B, although the diversity of strains is quite different depending on their geographical origin. Analyses of genetic diversity corroborate the phylogenetic analyses, since Wolbachia strains of supergroup B from native species are much more diverse than the strains from introduced species. Interestingly, we found a lack of significant congruence between the trees of Wolbachia and terrestrial isopod hosts, which comprises strong evidence against the hypothesis that there was an ancestral acquisition of the bacteria in Oniscidea originating from Europe and South America. This would be particularly likely for those species originated from the Neotropical ecozone, since the low prevalence of infection in native isopods may reflect a low degree of coadaptation between Wolbachia and its host (probably as result of recent invasions).
As previously mentioned, most studies on the topic were conducted in temperate regions. In these regions, a variety of species has already been examined for the presence of Wolbachia, and the great majority of the strains found have such a high phylogenetic similarity (all of them belong to supergroup B) that they form a well-supported group known as Oniclade (Bouchon, Cordaux and Grève 2008; Cordaux et al. 2012) . There are two explanations for this fact: (1) similar ecologies of related hosts facilitate transfer of related microbes, e.g. related Wolbachia spread between related hosts by means of shared diets or parasites (Kittayapong et al. 2003; Sintupachee et al. 2006; Jaenike et al. 2007 ), predator-prey interactions (Le Clec'h et al. 2013 ) and blood contact (Rigaud and Juchault 1995); and/or (2) Wolbachia are genetically specialized on related invertebrates. In this case, Wolbachia are pre-adapted to infect related arthropods because they share similar physiologies to their current hosts (Rigaud, Pennings and Juchault 2001; Russell et al. 2009 ). Thus, strains present in Palearctic species of terrestrial isopods seems to be specialized and well established in host populations.
Indeed, the only strains belonging to the Oniclade found in this study were those present in A. vulgare, P. dilatatus and P. laevis. These species originate from Europe and from the Mediterranean region and were introduced in several regions of the world, especially due to human activities (Schmalfuss 2003) . Moreover, we showed that the Wolbachia strains harbored by some of the introduced species are identical to that found in their original ecozone. In other words, even after being taken to other regions of world (with completely different environments), these species preserved the strains acquired in their places of origin, which further reinforces the idea of strains well adapted in host species. This was even observed at the subspecies level as demonstrated here by the P. dilatatus-wDil association. This suggests an evolutionarily stable symbiosis between Wolbachia and Palearctic terrestrial isopod species.
Conversely, the scenario is quite different in species from South America. Cordaux et al. (2012) had already predicted that screenings of terrestrial isopods in regions that have not been extensively studied, so far, may have the potential to uncover a tremendous and unexpected Wolbachia diversity. In fact, none of the strains from supergroup B infecting native species belongs to the Oniclade; additionally, most of them are not phylogenetically related. A similar result had already been observed by Almerão et al. (2012) in natural populations of Ba. glaber and B. sellowii. Even if codivergence may have had a certain role, the great diversity of strains found in terrestrial isopods of the Neotropical region would be more consistent with the occurrence of several events of loss and acquisition of Wolbachia. This hypothesis is reinforced by the low prevalence of infection in most species analyzed (i.e. more recent associations). Beyond that, some authors have observed variable frequencies of low-density Wolbachia infections associated with a high diversity of strains (Sun, Cui and Li 2007; Hughes et al. 2011) , possibly as a result of the interaction with other microbial flora within the animal. These results add to an emerging understanding that Wolbachia may be more pervasive than currently accepted, due to cryptic infections that occur in few individuals within a population and at low infection densities within these hosts (Hughes et al. 2011) .
Recombination events appear to have had an important role in the diversity of strains found in native species of terrestrial isopods. More specifically, the present study provides evidence that one of the strains present in C. bezzii would be a recombinant of Wolbachia strains from supergroups A and B. Baldo et al. (2006a) had already observed that gatB and fbpA alleles had recombinants between supergroups A and B. According to the authors, these results indicated that Wolbachia belonging to these two supergroups exchanged DNA frequently, although most genes showed consistent association with one of the two supergroups. Recombination in Wolbachia is by no means as rare as previously thought (Yang et al. 2013) , and there have been records of this mechanism in a variety of hosts groups (Werren and Bartos 2001; Reuter and Keller 2003; Malloch and Fenton 2005; Verne et al. 2007; Arthofer et al. 2009; Yang et al. 2013) . Recombination plays an important role in the evolution of bacteria in general and Wolbachia in particular, in ways similar to sexual reproduction of the majority of higher animals and plants (Freeman and Herron 2007) .
The differences observed between Wolbachia strains of terrestrial isopods from Palearctic and Neotropical regions suggest that geographical origin would have a significant impact on the divergence of Wolbachia strains. Studies with fig wasps (Haine and Cook 2005) and ants (Russell et al. 2009 ) have already demonstrated a considerable association between biogeography and similarity of Wolbachia strains. The latter study found a strong split between strains from New World and non-New World ants, suggesting that geographical barriers (in this case, oceans) promote the divergence among Wolbachia populations, limiting gene flow and horizontal transfer among host species. A similar case may have occurred for terrestrial isopods from Palearctic and Neotropical regions.
This study also evidenced something new for terrestrial isopods, which was the presence of strains from supergroups A and F. The presence of distantly related Wolbachia strains in terrestrial isopod species strongly support the hypothesis that horizontal transmission of Wolbachia between arthropod species from unrelated taxa has occurred, as already reported for other groups, e.g. in the spider genus Agelenopsis , in the wasp genus Nasonia (Raychoudhury et al. 2009) , in the acari genus Bryobia (Ros et al. 2009) , in the termites genus Odontotermes (Salunke et al. 2010) and in tsetse flies genus Glossina (Doudoumis et al. 2012) . Burmoniscus meeusei is a species introduced from Asia and found in England, Hawaii and Brazil (Schmalfuss 2003) . Studies on the biology and ecology of this species are scarce; thus, it is very difficult to suggest the source of transmission of Wolbachia from supergroup A found in these individuals.
On the other hand, the presence of one strain from supergroup F in N. littoralis may be explained by the biology of these animals. Strains from supergroup F are found in nematodes and arthropods (Baldo et al. 2007; Panaram and Marshall 2007; Roy and Harry 2007; Ferri et al. 2011; Hughes et al. 2011; Morse et al. 2012) ; however, termites are the most representative host for this supergroup. Strains from the supergroup F are known in 16 species distributed worldwide, belonging to Termitidae, Rhinotermitidae and Kalotermitidae families (Lo and Evans 2007; Roy and Harry 2007; Salunke et al. 2010) . Representatives of the genus Neotroponiscus are small-sized animals (Lemos de Castro 1970) that, contrary to most species of terrestrial isopods that prefer leaf litter, are found in native and secondary vegetation associated with tree barks (Quadros, Araujo and Sokolowicz 2008) . A recent study observed that N. carolii specimens occupy abandoned arboreal nests of Nasutitermes spp. termites (Lisboa et al. 2013) . Furthermore, the concomitant presence of Nasutitermes sp. termites and isopods genus Neotroponiscus in tree barks has already been observed in field works (BLZ, personal observation). Since there is an intimate contact between the two groups, it is plausible to believe that termites have transmitted the strain from supergroup F to the terrestrial isopod N. littoralis. However, in loco studies are needed to confirm this hypothesis, especially considering that termites from the Brazilian native fauna have never been tested for the presence of Wolbachia. It is worth remembering that strains from supergroup F are also found in nematodes, but nematodes have never been reported in either Neotroponiscus spp. nor were found in the individuals used in this study.
CONCLUSION
This study addresses the largest screening conducted so far for the presence and the diversity of Wolbachia in natural populations of terrestrial isopods from the Neotropical region. Unlike the scenario observed in the Palearctic region where the great majority of strains are closely related, native species of terrestrial isopods showed an impressive Wolbachia diversity, including strains from supergroups of Wolbachia never observed for crustaceans before. That is, the geographical origin of the species appears to have a significant impact on Wolbachia diversity. Besides, while the strains from Palearctic species of terrestrial isopods seems to be more adapted and well established in the populations, the low prevalence and high diversity of strains from Neotropical species are indicatives of more recent associations, possibly promoted by horizontal transmission. The present work shows that despite the last decades of studies on the Wolbachia/host interaction, very interesting results can still arise, especially in poorly explored regions such as the Neotropical region.
